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Abstract: According to clinical reports, cardiovascular disease has become a major global health care 
problem in the present decade. To tackle this problem, the use of the cardiovascular stent is 
considered promising and effective for certain conditions. In this study, a newly designed 
cardiovascular stent has been modelled and evaluated by three-dimensional nonlinear finite element 
analysis with an aim of developing a computational framework for futuristic design analysis and 
optimisation. Compared with the existing conventional stents in the market, this novel design features 
an ability to regulate the stiffness, increase fatigue life , improve the manufacturability and decrease 
the tissue injury by smoothing out the geometric sharpness. Hyperelastic and soft materials are taken 
into account to analyse the artery responses to the stent deployment. Furthermore, NiTi and 316L 
stainless steel material properties are introduced to this newly designed stent to investigate the effect 
of stent material on artery reaction. 
Keywords: cardiovascular stent, NiTi, stainless steel, self-expansion, finite element method, 
hyperelastic material. 
1. Introduction 
Cardiovascular disease has become a major global healthcare problem. The WORLD HEART 
FEDERATION reported that its mission is helping people achieve a longer and better life through 
prevention and control of heart disease and stroke, with focus on low and middle-income countries. 
The stent, as one of the new medical devices of interventional procedure, is a small, meshed metal 
tube placed into an artery to compress the plaque and widen the vessel wall. Although cardiovascular 
stents were categorised in different ways [1], the following common issues need always to be 
addressed in developing any new stent design: 
- Deployment and expansion procedure (e.g. balloon-expandable, self-expandable) 
- Stent materials (e.g. tantalum, stainless steel, NiTi, active or biodegradable coating) 
- Spatial structures (e.g. ring, coil, slotted tube, mesh or custom design) 
Finite element analysis (FEA) as a powerful tool proved effective to evaluate the biomechanical 
behaviours of a complex 3D stent structure prior to any clinical trial. Many finite element analyses have 
been carried out to investigate the biomechanical performance of existing cardiovascular stents. It has 
been found however that there is still much work needed to be done in order to achieve an ideal stent 
with high biomechanical and clinical performance. Moreover, substantial review on the finite element 
analysis of the cardiovascular stents shows that only few studies considered the effect of the arteria l 
tissue and stenotic plaque on stent behaviour during the analyses [2-5].  
In this study the newly designed cardiovascular stent is introduced and evaluated in 3D finite element 
analysis. The main features of this design compared to the existing stents in the market are its 
potential to regulate stiffness, increase fatigue life, and decrease tissue injury by smoothing out 
geometric sharpness and improving manufacturability of the stent. Two Hyperelastic and Soft material 
artery models were created to investigate the impact of this newly designed geometry on the artery 
wall. 
2. Materials and Methods 
A finite element analysis requires the geometric and material properties of the stent and artery as well 
as definition of a loading sequence and boundary conditions to simulate the stent deployment 
procedure as described below. In this study, the commercial FEA code ABAQUS (Hibbit Karlsson & 
Sorenses, Inc., Pawtucket, RI, USA) was used for the analyses. 
2.1 Model Geometry 
Due to a higher requirement of flexibly  generating a parameter-based FEA model, which includes 
variation of number of the wires, geometric sizes and number of turns for each wire, Python script in 
ABAQUS has been used in this study. An example of stent dimension used in the analysis (with four 
and twelve wires, respectively) is given in Table 1 and shown in Figure 1. 
Table 1: An example of stent dimension used in stent model program 
Parameter definition Value(mm) 
Radius of wire 0.05 
Radius of stent 1.7 
Total Height of stent 7.0 
Number of spline  turns 2 
The number of segments on each turn 2 
The number of wires or splines 2,4,6 
   
      
 (a) Cardiovascular stent with four wires. (b) Cardiovascular stent with 12 wires. 
Figure 1: The newly design cardiovascular stent generated by stent model program (a)(b). 
The artery is modelled as a cylinder having a length of 7mm, an internal diameter of 3 mm and a 
thickness of 0.5 mm, as Figure 2(a). It should be noted that the slenderness of the stent results in 
significant difficulties in mesh planning. Therefore selection of element size becomes critical as the 
number of degrees of freedom in the model need to be limited to a reasonable range within the 
computing capacity of standard personal computer (2GB RAM,4GHz Dual CPU). To optimise and 
refine the mesh, the non-critical parts, i.e. artery, external and internal tubes are meshed in a relative 
coarse fashion. However, in order to ensure a proper contact between tubes and stent, the aspect 
ratio of all elements is limited to 1 in 3. Figure 2 shows the FEA mesh of some parts in the model. The 
stent is discretised by C3D8R, 8-node linear brick, reduced integration with hourglass control element, 
while the artery, internal and external tube are meshed in S4R, 4-node doubly curved general-purpose 
shell elements having reduced integration with hourglass control. 
   
 (a) (b) 
Figure 2: (a) Sectional view of stenting system before analysis and FEA mesh element of external 
Tube, stent and artery. (b) Details of the FE mesh on the inter-wire contact zones. 
2.2 Material Properties 
Investigation into existing cardiovascular stents found that 316L stainless steel, CoCr alloys, and NiTi  
are some widely-accepted materials used in stent fabrication by manufacturers, depending on 
requirements for stent deployment. To better understand the self-expansion mechanism of the stent, 
both 316L stainless steel and NiTi materials are adopted in this study, whose Youngs moduli are 200 
GPa [6] and 70 GPa [7], respectively. The Poissons ratio is equal to 0.3 for both the materials.  
The material of the artery wall was modelled using a 5-parameter third-order MooneyRivlin 
hyperelastic constitutive equation which is suitable for incompressible isotropic material. The strain-
energy density for this material is given in Eq. (1) [8]  
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By using the uniaxial and equibiaxial experimental data, Prendergast et al [5], introduced the 
hyperelastic constants in Eq. (1) for the arterial wall, as given in Table 2. 
Table 2: Hyperelastic constants to describe the arterial tissue 
Constant Artery wall tissue(KPa) 
a10 18.9 
a01 2.75 
a20 85.72 
a11 590.43 
a30 0 
Moreover, to investigate the effect of the artery material on reaction force generated on both the ends 
of the artery, another material model called Soft material with Youngs modulus of 10MPa and 
Poissons ratio of 0.3 is considered for the artery wall. 
2.3 Boundary Condition  
The restraint condition was prescribed to the stent/artery model in two steps. In the crimping step, a 
compressive radial displacement was applied to the external tube to push the stent inside the artery. 
In this step the two points at the end of the stent, and one end of the artery and external tube were 
fixed in the longitudinal and hoop directions. The other end of the artery and external tube were only 
fixed in the longitudinal direction. No frictional contacts between the stent-external tube, inter-wire 
stent and stent-internal tube were defined in this step. 
In the self-expansion step, the external tube is eliminated from the analysis to allow stent expansion 
and contraction with the artery inner wall. The boundary condition of the stent remained as the 
crimping step except that the artery is restrained from translational movement at both the ends. In this 
step, no friction between the stent and artery was considered, while all the contacts between the 
external tube and the other parts of the model were excluded from the analysis. 
3. Result and Discussion 
The stent model shows that numerical challenges such as contact, buckling, and superelastic 
materials require sophisticated analysis strategies, with complexity of loading sequence that involves 
both the implicit and explicit solvers. Despite the fact that implicit solver may not guarantee  
convergence due to these numerical issues, crimping of the stent inside the artery is performed in 
ABAQUS/Explicit, and the model of the deformed stent is imported from its state at the end of the 
previous deformation step to the ABAQUS/Standard analysis followed by removing the boundary 
conditions and self-expansion of the stent in the second step.  
3.1 Stent deformation in crimping step 
The main purpose of the crimping procedure is that the stent deforms uniformly in all the directions 
which decrease the stress concentration in the critical points of the structure. To avoid the non-uniform 
deformation of the stent and buckling issue in this step, one internal cylinder with a diameter less than 
the artery is introduced. Moreover, the stent deformation showed high sensitivity to the time increment 
in the explicit solver. As a result, reduction of step times in the explicit solver leads to the deformation 
of the stent becoming more uniform, as shown in Figure 3. 
 
Figure 3: Stent deformation during crimping (front view) 
3.2 Stress distribution on artery wall in self-expansion step 
During the self-expansion process, the initial stent-artery contact is observed at the middle section of 
the artery. The contact is then developed from the middle section towards the front (left) and rear 
(right) ends. High stress level occurs at the stent-artery contact areas and an obvious stent outline on 
the artery can be recognised from the stress distribution pattern. For the Soft material artery model, it 
is unsurprisingly observed that the magnitude of the von Mises stress in the internal wall is much 
higher than the external wall of the artery due to the development of the contact between stent and 
internal wall of the artery in initial procedures of the self-expansion.  
 
  
  
(a) (b) 
Figure 4: (a) von Mises stress distribution on internal artery wall and cross section, initial stent-artery 
contact (side view) Soft material model. (b) von Mises stress distribution on external artery wall and 
cross section, initial stent-artery contact (side view) for Soft material model. 
 
 
After full recovery of the stent configuration, however, the difference between the stresses of the 
internal and external wall of the artery decreases from 30% to 15%, as shown in Figure 4. By 
comparing the Soft material model with the Hyperelastic material model, it is noticed that the maximum 
stress developed in the internal wall of the artery in the Hyperelastic model is much less than that for 
the Soft material model at both the initial contact and full recovery step, as in Figures. 5 (a) and (b). 
The difference between these two models shows that the stress is very sensitive to the constant 
coefficient of the Hyperelastic material and this parameter should be selected very carefully in order to 
achieve more realistic design for preventing artery from injury. 
 
  
(a) (b) 
Figure 5: (a) von Mises stress distribution on internal artery wall, initial stent-artery contact in Soft 
material model (side view). (b) von Mises stress distribution on internal artery wall, initial stent-artery 
contact in Hyperelastic material model (side view). 
3.3 Reaction force in Artery 
The two different stent models with the NiTi and stainless steel were used to investigate the effect of 
the stent materials on reaction force of the artery at both the ends, as shown in Figure 6(a). The 
results indicate that the reaction forces of artery at both the ends are slowly built up as the stent is 
expanding. As shown in Figure 6 (b), the mechanism of increasing the reaction force in artery is similar 
in both the NiTi and steel stents. However, a higher reaction force is observed in stainless steel stent 
(maximum of 0.20117N) in comparison with the NiTi stent (maximum of 0.076358N). It can be also 
concluded that as the stent recovers to its original shape, the value of reaction force increases in both 
the ends of artery. It should be noted that the time-steps of capturing the force-displacement curve are 
a result of the limited points extracted from the data. It must compromise computing efficiency if a 
detailed plot of reaction forces at all time-steps was requested. 
   
 (a) (b) 
Figure 6: (a) Demonstration of artery supports at both ends. (b) Comparison of reaction force-
displacement in artery between NiTi and stainless steel models. 
 
  
 (a) (b)  
Figure 7: (a) Comparison of reaction force-displacement between NiTi stent and artery. (b) 
Comparison of reaction force-displacement between stainless steel stent and artery. 
END (1) 
END (2) 
3.4 Stent-Artery interaction for Stainless Steel and NiTi stent 
Reaction force of the stent at the two fixed points and the end of the artery were investigated by 
analysing these two models of NiTi and Stainless Steel stent. As shown in Figures 7(a) and (b), as the 
stent recovers to its original shape, the value of reaction force in artery increases in both the models. It 
can be seen that the reaction forces of stent and artery in Stainless Steel model are significantly 
higher than those of NiTi stent model. The reaction forces of stent at its ends reach a lower level after 
recovery of the stent in both the models. 
4. Conclusion 
In this study, the newly designed cardiovascular stent is introduced and evaluated by finite element 
analysis. It is found that ABAQUS software allows the user to switch between implicit and explicit 
solvers which proved very useful in solving sophisticated numerical issues such as contact, buckling, 
and superelastic materials. Specifically, the deformed stent, as a result of the crimping procedure was 
transferred to ABAQUS/Standard to model the self-expansion step. Different tests performed in the 
crimping step confirmed that the size of time increment in the explicit solver has an important influence 
in deformation uniformity of the stent.  Hence the time increment should be selected properly. 
Additionally, one internal cylinder with a diameter less than the  artery is introduced to the stent model  
to obtain a more uniform deformation in the  stent. Stress analysis in the self-expansion step indicates 
that due to the contact between stent and internal wall of the artery, the maximum von Mises stress in 
the internal wall of the artery is much higher than that on the external wall in both the initial and final 
steps of the self-expansion process. There is also a significant difference between the stresses of 
internal and external walls of the artery obtained from Hyperelastic and Soft material models, which 
signified the importance of selecting a proper constant coefficient for the hyperelastic constitutive 
equation. Analysing the force-displacement relationship of the stent in the self-expansion step 
indicates that the reaction force of the stent at its support reaches the lowest point after recovery of 
the stent in both models . Conversely, as the stent recovers to its original shape, the magnitude of 
reaction force in the artery increases in both the models. Comparison between the two stent models 
made of NiTi and stainless steel indicates that due to the stiffer nature of the steel, the reaction forces 
of stent and artery in the Stainless Steel model are significantly higher than those in the NiTi stent 
model. It is thus concluded that more accurate data and information is crucial for clinicians to  choose 
the most appropriate prosthesis scheme, and for engineers and manufacturers to  improve and 
optimise the product design of stents with a minimum cost.  
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